This spectrophotometric method for estimating carboxyhemoglobin is based on the production of a two-pigment mixture by reducing oxyhemoglobin and methemoglobin with sodium hydrosulfite. Absorbances of the pigment are measured at 420 and 432 nm. Protecting the solutions against exposure to air is unnecessary. Values are stable and reproducible when the solutions are buffered at pH 6.85.
are generally based on either gas-chromatographic estimation of the amount of carbon monoxide in the sample (2) or spectrophotometric measurement of absorbance at several wavelengths of the mixed hemoglobins in the blood (3). Chromatographic procedures require special equipment that is not available in most clinical laboratories. Some of the spectrophotometric methods reported involve measurements in the 480-to 580-nm range, where the sensitivity is low (4), or are tedious because of the precautions necessary to prevent contact of the sample with air (5). Instruments for the semiautomated measurement of CO-Hb exist. Instrumentation Laboratory (IL) manufactures a "CO-Oximeter" that provides a digital display of CO-Jib concentrations. We used the IL 182 CO-Oximeter in an investigation of the effect of carbon monoxide in the treatment of sickle cell disease (6) and found the performance of the instrument less than satisfactory because of the need to arbitrarily adjust the zero point and because of changes in readings related to deterioration of the ifiters. More recent versions of this instrument (e.g., IL 282 CO-Oximeter) appear to be more satisfactory (7) but at a cost of about $15 000 (U.S.) do not represent a cost-effective approach to the occasional measurement of CO-Jib in the average clinical laboratory.
Spectrophotometric measurement of CO-Jib is readily accomplished by treating crude hemolysates with sodium hydrosulfite (sodium dithionite) (4), which reduces oxyhemoglobin and methemoglobin but not CO-Jib, thereby forming a mixture of two pigments. We here present a practical technique that greatly simplifies the routine clinical estimation of low proportions of CO-Jib in blood samples.
Materials and Methods

Reagents
Buffer: KH2PO4IK2HPO4, 0.1 mol/L, pH 6.85. This buffer is stable indefinitely when kept refrigerated.
Hemolyzing solution:
Buffer diluted 10-fold with water, made fresh weekly. 
Department
CO-Hb diluting solution:
Add about 25 mg of sodium hydrosulfite to 20 mL of buffer just before use.
Procedure
Collect venous blood into evacuated tubes containing either EDTA (potassium salt), 1.5 mg/mL of blood, or heparin, 14.3 USP units/mL of blood. Add about 25 L of blood to 3 mL of the hemolyzing solution in a small test tube and mix by inverting two or three times. After 5 mm, pipet about 0.1 mL of this mixture into a cuvette having a critical volume of less than 1.2 mL, which already contains 1.15 mL of the CO-Hb diluting solution. Alternatively, add 0.2 mL of the hemolysate to 2.3 mL of the CO-Jib diluting solution in a larger cuvette having a critical volume of less than 2.5 mL.
Cover the cuvette with Parafilm, mix by inverting gently several times, and allow to stand at room temperature for 10 mm. Read the absorbance at 420 and 432 nm against a matched cuvette containing only CO-Hb diluting solution.
Calculations
Use the following equation to compute the fraction of CO-
AR is the ratio A4/A2 of the sample in CO-Hb diluting 
Results
The validity of this procedure was demonstrated in several ways.
We divided blood samples from three nonsmokers into two parts, equilibrating one part with CO in a tonometer. Various proportions of this blood, now 100% saturated with CO, were mixed with the untreated blood. As shown in To confirm that special precautions were not required to shield the hemolysates in CO-Jib diluting solution from air, we made repeated measurements during 2.5 h for samples that contained various concentrations of CO-Jib and were kept in cuvettes that stood uncovered in the laboratory. When CO-Hb proportions were less than 20% of total hemoglobin, the % CO-Jib calculated from the ratio of the absorbance measurements at 420 and 432 nm (AR) was stable for about 60 mm, although the absorbance readings themselves declined. At higher CO-Jib proportions the absorbance readings, the ratio AR, and the calculated % COJib decreased steadily upon standing in CO-Hb diluting solution. When measuring higher proportions of CO-Jib with this method, one should read the absorbances within 10 to 15 mm after adding the hemolysate to the CO-Jib diluting solution. Similar studies with CO-Jib diluting solution buffered at pH 7.4 and pH 8.0 and with CO-Jib contents less than 10% showed that the ratio AR rose steadily over the time period, more rapidly at pH 8 than pH 7.4.
Fresh blood samples from a smoker and a nonsmoker were divided into portions that were kept firmly stoppered in evacuated tubes and portions that were exposed to air. After 4 h none of the samples showed a change in CO-Jib content. Blood samples from two smokers and two nonsmokers were collected into evacuated tubes containing EDTA or heparin and stored at room temperature or at 4#{176}C. The CO. Jib concentrations measured in all of these samples were stable for at least five days.
To evaluate the effect of turbidity, we added plasma from two severely lipemic blood samples to type-compatible packed erythrocytes from a smoker and a nonsmoker. In each case we estimated the CO-Jib content in both the original blood and in the erythrocytes suspended in lipemic plasma. No differences were observed in the measured COJib. Also, adding 10 ML of 2% Sterox to the cuvette after the initial absorbance readings produced no change in the ratio
AR.
We induced sulthemoglobin in a blood sample from a nonsmoker by the method of Siggaard-Andersen et al. (8) . A sulfhemoglobin proportion of 17% of the total pigment (9) resulted in an apparent CO-Jib reading of 4.6%, as compared with 0.2% when no sulfhemoglobin was present.
Calibration factors for a blood sample containing 43% hemoglobin F and a sample containing about 40% hemoglobin S were indistinguishable from those found for normal blood containing only hemoglobin A.
CO-Jib estimates from six replicate samplings of blood from a smoker and a nonsmoker were 7.23% ± 0.07% and 1.28% ± 0.12% (mean ± SD), yielding coefficients of variation of 0.97% and 9.4%, respectively.
The mean CO-Jib proportion measured in blood from 10 nonsmoking donors was 1.21% (SD 0.46%). Blood collected from seven smokers who regularly smoked at least one pack of cigarettes a day and had smoked a cigarette within 10 mm of the time their blood was drawn had a mean CO-Jib proportion of 5.61% (SD 2.13%).
Discussion
The principles used in the proposed method are far from new. Estimating the components of a mixture of n chromogens by measuring the absorbance at n wavelengths is a classical technique. The fact that sodium hydrosulfite reduces oxyhemoglobin but not CO-Jib has been known for more than a quarter of a century (4). In spite of this, we have not been able to find a method that is fully satisfactory for estimating CO-Jib in the clinical laboratory.
The method we present here is based, in part, on that of proposed routine method, and we hope that others will find it equally useful. calibration may vary with different spectrophotometers, it may sometimes be desirable to determine these characteristics for the instrument being used. Calibrate with an hemolysate prepared by adding about 0.05 mL of blood from a nonsmoker to 6 mL of hemolyzing solution.
Add 2 mL of the hemolysate (measured by volumetric pipette) to each of two 25-mL volumetric flasks. Pass CO gas through one of these flasks for 30 mm, swirling the solution frequently.
Pass air through the other flask for 2 h while exposing the blood to a bright light such as that produced by an ordinary high-intensity desk lamp, to help dissociate any traces of CO. After equilibration with CO or air, bring the contents of each flask to volume with CO-Jib diluting solution, stopper, and mix by inversion several times. Measure the absorbance of the diluted hemolysates at 420 and 432 mn against matched cuvettes containing CO-Hb diluting solution. Read the absorbance of the CO-equilibrated sample immediately after adding the CO-Jib diluting solution. Calculate F1, F2, and F3 from the ratios of these absorbances as decribed above.
